T he diagnosis of autoimmune hepatitis (AIH) is based on a combination of clinical, laboratory, and histological findings. 1 2 The presence of autoantibodies is an important component of the diagnosis but the most commonly detected autoantibodies, antinuclear antibodies (ANA) and smooth muscle antibodies (SMA), are not specific for the disease. 3 Antibodies to liver-kidney microsome type 1 (anti-LKM1) occur in a small subgroup of patients with AIH 4 but they are also found in chronic hepatitis C [5] [6] [7] [8] [9] [10] and in severe rejection after liver transplantation. 11 In contrast, antibodies to soluble liver antigen (SLA) and liver-pancreas antigen (LP) have been described as specific for autoimmune liver disease. 12 13 Several reports have shown that many patients with AIH negative for ANA and SMA show positive SLA reactivity or LP reactivity, making these antibodies an important diagnostic marker. [12] [13] [14] [15] Recently, antibodies to SLA and LP (anti-SLA/LP) have been shown to be identical, and their specificity for AIH and overlap syndromes of primary biliary cirrhosis (PBC) and AIH has been confirmed. 16 ANA, SMA, and anti-LKM1 are detected by assays based on indirect immunofluorescence. 17 Antibodies to SLA/LP do not react in this fashion and thus escape normal serological screening. Other standardised immunoassays have not been available due to uncertainties concerning the target antigen. A few laboratories have used an inhibition enzyme linked immunosorbent assay (iELISA), as originally described by Manns and colleagues, 12 which tests binding inhibition of an indicator SLA positive serum. This assay however crucially depends on the quality and labelling of the indicator serum. Consequently, it is not suitable for generalised or standardised testing. The recent identification and cloning of the target molecule, a presumed 50 kDa cytosolic enzyme of as yet unclear function, has made it possible to develop standardised test systems for the detection of anti-SLA/LP. 16 The identity of this cloned molecule as the target antigen has recently been confirmed 18 ; SLA/LP seems to be identical to a UGA suppressor tRNA associated protein that has been described as an autoantigen in AIH. 19 20 In this report, we describe the development and validation of a standardised and simple ELISA for the detection of SLA/LP antibodies which utilises recombinant SLA/LP protein (rELISA), as well as a confirmatory western blot. Furthermore, we estimated the relative frequency of SLA/LP positive AIH in four different geographical regions and ethnic populations. Finally, we compared the clinical characteristics and response to therapy of SLA/LP positive and SLA/LP negative AIH patients. and western blot using the recombinant antigen. Specificity was confirmed by testing a total of 1026 serum samples from consecutive patients with suspected or various known liver diseases seen at the outpatient clinic of the 1st Department of Medicine, Johannes Gutenberg-University, Mainz, Germany, including 235 consecutive general medical patients seen as inpatients.
METHODS

Serum samples
To estimate the frequencies of anti-SLA/LP in patients with AIH from different countries, 454 sera from 419 patients treated at four different referral centres were tested by rELISA and western blotting. A total of 149 specimens were obtained from 149 patients diagnosed at the Mayo Clinic, Rochester, Minnesota, USA. One hundred and fifty four specimens were obtained from 132 patients diagnosed at the Liver Unit, Sao Paulo University, Brazil. Forty three specimens were obtained from 30 patients diagnosed at the Kagawa Medical University, Kagawa, Japan, and 108 specimens were obtained from 108 patients diagnosed at the Johannes Gutenberg-University, Mainz, Germany.
All patients satisfied the diagnostic criteria for AIH, according to the International Autoimmune Hepatitis Group.
2 Sera were sent frozen to the laboratory at Johannes Gutenberg University, Mainz, Germany, and assessments were performed in batches.
Recombinant SLA/LP antigen Recombinant SLA/LP antigen was expressed in Escherichia coli with the described J-D1 cDNA clone 16 which encodes the shorter of two splice variants of the SLA/LP target antigen. J-D1 cDNA was subcloned into vector pET24d (Novagen, Bad Soden, Germany) providing a carboxy terminal histidine tag. Thus it was guaranteed that only complete proteins containing the carboxy terminal epitope, which is dominant in immunorecognition by SLA/LP antibodies, were purified. SLA/LP protein was then expressed in E coli as an insoluble protein present in inclusion bodies. After lysis of bacteria, inclusion bodies were purified by centrifugation and washing. Following solubilisation of the inclusion bodies in 6 M guanidine hydrochloride, recombinant SLA/LP protein was purified by metal chelate affinity chromatography and subsequent cation exchange chromatography. Lastly, the product was dialysed against 20 mM Tris HCl pH 7.6/0.01 mM EDTA/0.02% sodium dodecyl sulphate (SDS). Analysis by SDSpolyacrylamide gel electrophoresis (SDS-PAGE) showed more than 95% purity.
ELISA based on recombinant SLA/LP (rELISA) Recombinant SLA/LP antigen was used to coat maxisorp ELISA plates (Nunc, Roskilde, Denmark) at an antigen concentration of 0.02 µg per well. After being post-coated with 0.1% casein/phosphate buffered saline (PBS), plates were incubated with 100 µl of each patient's serum (diluted 1:100 in buffer) for 30 minutes at room temperature and then washed three times. Afterwards, plates were incubated with 100 µl of peroxidase conjugated, rabbit derived antibody to human immunoglobulin G (IgG) for another 30 minutes, washed again, and then treated with 100 µl of chromogene/substrate solution (tetramethylbenzidine/hydrogen peroxide). This treatment induces a change from colourless to blue in anti-SLA/LP positive wells. Fifteen minutes later, the reaction was stopped by 100 µl of stop solution (1 N phosphoric acid), and plates were read at λ450 nm (and a reference wavelength of λ >620 nm) in a Spectra Mini (Tecan, Crailsheim, Germany).
As there was no international World Health Organization standard serum for detection of anti-SLA/LP, the ELISA was standardised using a serum sample from one patient with high titre anti-SLA/LP. This serum sample was defined as reference serum for reasons of availability, reactivity, and absence of other major autoantibodies. Calibration was done in relative units per millilitre (RU/ml) using three dilutions (2 RU/ml, 20 RU/ml, and 200 RU/ml), resulting in a linear range of reactivity. The sera of 200 healthy blood donors ( fig 1A) and 95 sera from patients with AIH ( fig 1B) , 29 of whom had anti-SLA/LP as defined by iELISA, were used to calibrate the rELISA assay. Subsequently, the assay was validated by testing 1026 non-selected sera, mostly from patients with various liver diseases, including 235 sera from general medical patients. By comparison with the iELISA and western blotting, the lowest SLA/LP autoantibody positive test serum gave 8.6 RU/ml in the rELISA, and the highest seronegative test serum showed 27.7 RU/ml. Thus specimens were classified as positive (>30 RU/ml), negative (<8 RU/ml), and borderline (8-30 RU/ml) reactive for anti-SLA/LP by the recombinant antigen based ELISA. Nine of the 1026 test sera were positive in the rELISA. Eight of the positive specimens were from patients with known SLA/LP positive AIH, and one was from a patient with the overlap syndrome of PBC and secondary AIH. 16 21 All nine sera were confirmed positive by western blot and all nine patients fulfilled the diagnostic criteria of AIH. 1 2 Six further sera were borderline positive by the rELISA. One of these was clearly positive by western blot, and this patient was also independently diagnosed as suffering from AIH. The other five sera were negative by western blotting.
ELISA based on inhibition of indicator serum (iELISA) To allow comparison with earlier studies on SLA autoantibodies, all samples from AIH patients were also tested by an ELISA based on the inhibition of reactivity of a labelled indicator serum, as described previously. 12 The ability of the patient's serum to inhibit the binding of the indicator serum to rat liver homogenate was utilised as a measure of anti-SLA/LP reactivity. The performance and validity of this assay system have been described previously. 12 14 As reliability of the assay varies and depends on the quality of the indicator serum, patient sera were only considered positive if inhibition was above two SDs of normal control sera (at least 40% inhibition) on two separate occasions. In this fashion, specimens could be classified as positive or negative for anti-SLA/LP by the inhibition based ELISA.
Western blotting All sera testing positive or borderline positive in the rELISA assay for anti-SLA/LP as well as a random sample of 50 negative sera were tested by confirmatory western blotting. Western blot was performed as described previously using the recombinant SLA/LP antigen. 16 SLA/LP antigen (0.6 µg) was separated on 10% SDS-PAGE using a Mini Protean II electrophoresis chamber (BioRad, Munich, Germany), and proteins were transferred to a polyvinylidene difluoride membrane (Millipore, Eschborn, Germany). Membranes were then incubated with patient sera (diluted 1:200 in 2% milk powder/ PBST) or with a monoclonal, mouse derived anti-penta-his antibody (diluted 1:1500 in 3% BSA/PBS; Qiagen, Hilden, Germany) that recognises histidine pentamers. After washing, membranes were incubated for one hour with a peroxidase conjugated antibody to human IgG, IgA, IgM, and kappa and lambda proteins (Dako, Copenhagen, Denmark; diluted 1:1000 in 2% milk powder/PBST) or anti-mouse IgG (Dako; diluted 1:1000 in 2% milk powder/PBST). Staining was performed using the metal enhanced diaminobenzidine kit (Boehringer, Mannheim, Germany). In addition, commercially available standardised western blot membranes with recombinant SLA/LP antigen (Euroimmun, Groβ Grönau, Germany) were developed and tested. Incubation with patient sera (diluted 1:50) for one hour at room temperature, washing, incubation with alkaline phosphatase marked goat derived antihuman IgG, and staining with substrate solution were performed according to the manufacturer's instructions.
Statistical analysis
The Mann-Whitney test was used to compare non-parametric variables in independent samples. Fisher's exact test was used to compare the frequencies of dichotomous variables and the unpaired t test was used to compare the significance of differences in the means of continuous variables. As the variables for comparison had been formulated a priori and then assessed systematically in each group, an unadjusted p value of 0.05 was used to determine statistical significance. Data are presented as mean (SEM) in the tables and text.
RESULTS
Sensitivity and specificity of SLA/LP immunoassays in patients with autoimmune hepatitis A total of 454 serum samples taken from 419 patients who were evaluated for AIH in four different centres (Brazil, Germany, Japan, and the USA) were tested under code by the new anti-SLA/LP rELISA, the original iELISA, and by western blotting. Figure 2 shows the results of immunoblotting analysis of representative sera, and fig 3 summarises the results of the two immunoassays. Among the 454 serum samples from 419 patients with AIH, there was only one false positive test by Figure 3 Incidence of soluble liver antigen/liver pancreas (SLA/LP) autoantibodies in 454 serum samples from four different countries (USA, Brazil, Germany, and Japan). Sera were tested by the recombinant antigen based ELISA (rELISA) and inhibition based ELISA (iELISA) and results were confirmed by western blotting. Shown is the incidence of seropositive (pos), borderline positive, and seronegative (neg) findings. *Serum sample that gave falsely positive results in various other ELISA assays also. the rELISA based on recombinant antigen; this sample tested negative in western blotting and in the iELISA. The specimen showed non-specific binding to ELISA plates and gave false positive results in various other ELISA, including those for antimitochondrial antibodies and anti-LKM1. Within the group of 21 sera showing borderline reactivity in the rELISA assay, nine sera tested clearly positive by western blot analysis. Four of the 21 borderline sera showed weakly positive staining by western blot and thus were considered weakly positive for anti-SLA/LP; the other eight of the 21 sera with borderline reactivity in the rELISA appeared negative by western blotting and were considered anti-SLA/LP negative. Of the 67 sera, which were positive by rELISA and western blot, the original iELISA detected only 61; in addition, the iELISA missed the four borderline positive sera, as defined by rELISA and western blot. The inhibition based ELISA did not have a false positive result.
Considering the 454 sera from four countries and the 1026 sera tested for validation of the new assay, the overall specificity of the rELISA for anti-SLA/LP was 99% if the higher cut off value was applied (upper limit of borderline reactivity 30 RU/ml). The sensitivity of the assay using the same cut off value was 87% (10 of 77 sera were falsely negative for SLA/LP). By using the lower cut off value (8 RU/ml), the sensitivity of the rELISA for SLA/LP increased to 100% but specificity was reduced to 83%. By combining the rELISA for anti-SLA/LP with confirmatory western blotting of all borderline sera, specificity was 99% and sensitivity was 100%.
Frequency of anti-SLA/LP in AIH from different countries Antibodies to SLA/LP were detected in 23 of 149 patients who had been diagnosed with AIH at the Mayo Clinic in the USA (15%). Antibodies to SLA/LP were detected in 23 serum specimens from 132 patients evaluated in Sao Paulo, Brazil (17%); in two serum specimens from 30 patients evaluated in Kagawa, Japan (7%); and in 21 serum specimens from 108 patients evaluated in Mainz, Germany (19%). Among the 69 43 (2) 46 (2) 41 (3) 46 (2) 48 (4) specimens positive for anti-SLA/LP, 18 (26%) had been negative for ANA and SMA, including two from the Mayo Clinic, six from Brazil, one from Japan, and nine from Germany. The frequency of seropositivity for anti-SLA/LP was determined by rELISA and western blotting.
Clinical characteristics associated with anti-SLA/LP Patients whose sera were positive for anti-SLA/LP by the rELISA had clinical features that were similar to those whose sera were negative for anti-SLA/LP (tables 1, 2). Furthermore, there were no distinctions based on country of origin. Age at diagnosis and sex distribution were similar, as were serum levels of bilirubin and γ-globulin in patients with and without anti-SLA/LP. Serum aminotransferase levels tended to be lower in seropositive patients in all four countries but these differences were not statistically significant. Likewise, the slightly higher frequency of cirrhosis at presentation in patients with anti-SLA/LP did not distinguish them. Additionally, there were no differences between the 18 patients with anti-SLA/LP who tested negative for ANA and SMA and the 53 patients with anti-SLA/LP who were also positive for ANA and/or SMA. Autoantibodies to SLA/LP were not detected in the sera of patients with anti-LKM1. Only Brazilian patients with anti-LKM1 were included in this study and they were indistinguishable from Brazilian patients with anti-SLA/LP except for their younger age (table 2) .
Treatment outcomes associated with anti-SLA/LP Relapse after induction of remission occurred in each of the 15 SLA/LP seropositive patients from the USA who entered remission and were withdrawn from corticosteroids (table 2) . In contrast, significantly less seronegative patients relapsed after withdrawal of treatment (73% v 100%; p=0.02). Similarly, the frequency of relapse after drug withdrawal was higher in seropositive patients from Germany but this difference was not statistically significant (55% v 36%; p=0.09). Combining the American and German patients, the relapse rate for SLA/LP positive patients was 26/35 (74%) compared with 92/170 (54%) in SLA/LP negative AIH (p=0.02).
DISCUSSION
Antibodies to SLA and LP, initially described independently, were found to be highly specific markers for autoimmune liver disease. 12 13 Identification of the target antigen has recently confirmed previous suggestions that these antibodies are identical. 16 22 We now describe for the first time an assay for these antibodies that is based on the recently identified and cloned target antigen and we demonstrate the validity and value of this immunoassay in assessing patients with AIH.
The rELISA that we developed based on the recombinant antigen showed excellent specificity and sensitivity when combined with immunoblot for confirmation of borderline positive sera. False positive results above the higher cut off value of 30 RU/ml occurred only in a single serum sample which probably contained aggregates that caused non-specific binding to ELISA plates, a well described liability of this technique. 23 Furthermore, within the borderline range of positivity (8-30 RU/ml) nearly half of the serum samples lacked anti-SLA/LP by western blot. This finding indicates the importance of confirmatory testing by western blot of all borderline positive samples.
Maximum sensitivity and specificity were obtained using a range of 8-30 RU/ml to define borderline positive sera and by assessing all such sera by immunoblotting. Unfortunately, we cannot exclude the fact that some sera used in our study had been thawed previously and we can only speculate that use of fresh serum in routine medical practice may diminish the number of borderline positive results. Future prospective analyses are necessary to confirm the advantages of fresh serum specimens in the assay system and to fully evaluate the frequency and importance of double testing of all borderline positive samples.
Volkmann et al have recently described reactivity of anti-SLA/LP positive sera with a shorter version of the recombinant molecule containing the main immunogenic region at the C terminus. 18 Using an earlier version of the commercially available rELISA described here, they confirmed the specificity of this assay. However, they found some false negative cases. In addition, they reported 18 sera positive by iELISA but not reactive with the recombinant protein. There may be several reasons for this apparent discrepancy. Firstly, as the iELISA uses a positive patient serum as a gold standard, and as this serum may contain other autoantibodies, the specificity of the iELISA crucially depends on the individual serum selected for the assay. Secondly, the authors apparently did not use a borderline range in the rELISA. Thirdly, additional conformational epitopes may be present on the SLA/LP protein, as suggested in a preliminary report. 24 However, our own data have thus far argued against a major reactivity to conformational epitopes. 16 Importantly, none of the 1026 samples obtained prospectively from patients with various liver diseases and general medical problems gave a false positive result above the borderline range. This finding attests to the specificity of the assay and anti-SLA/LP for autoimmune liver disease. In our experience to date, anti-SLA/LP have only been detected in patients with AIH or the overlap syndrome of PBC and AIH. 16 21 This was also found by others. 12 15 25 Antibodies to SLA/LP were found in patients with AIH from all countries that were studied and there were no statistically significant differences in the frequencies of occurrence based on geographical region. The lowest prevalence was among patients from Japan, but this study group was small. The highest prevalence was among patients from Germany, but this finding may have reflected selection. The Mainz group has had a longstanding investigative interest in testing for anti-SLA and the availability of the iELISA for at least 10 years may have enriched the patient base with seropositive patients. 12 14 Conversely, patients with AIH and anti-SLA/LP may have been underdiagnosed in other centres, especially if they lacked ANA or SMA. This hypothesis is supported by the observation that while nine of 21 SLA/LP positive patients from Germany lacked other autoantibodies, only two of 23 patients from the Mayo clinic were similarly seronegative. Widespread testing for SLA/LP autoantibodies is likely to detect more patients with AIH who currently lack conventional autoantibodies. 17 26 27 The ability of anti-SLA/LP to define a clinically distinct subgroup of AIH has been controversial. 12-14 28-32 Our findings indicated that patients with anti-SLA/LP did not have a distinctive clinical syndrome regardless of country of origin. Differences in serum aminotransferase levels and frequency of cirrhosis at presentation were not compelling justifications for separate designation of these patients as type 3 AIH. Seropositivity however was associated with a higher frequency of relapse after corticosteroid withdrawal in patients from the USA and Germany and the presence of anti-SLA/LP may be a prognostic index. Future studies must evaluate the prognostic value of testing for anti-SLA/LP in well characterised patients who have disease of similar severity and comparable treatment.
In summary, anti-SLA/LP can be detected reliably by a standardised rELISA based on the recombinant target antigen. Borderline positive results require further clarification by western blot. Seropositivity occurs with similar frequencies in AIH from different geographical regions and races. Antibodies to SLA/LP are present in all age groups, including young children, and they do not seem to denote a clinically distinct subgroup. However, SLA/LP autoantibodies are useful tools for the diagnosis of AIH, and it remains to be seen whether seropositivity may characterise patients who are more likely to relapse after corticosteroid withdrawal. Antibodies to SLA/LP are frequently the sole immunoserological markers of AIH. The assay may therefore help to identify additional patients with AIH previously thought to suffer from cryptogenic hepatitis. SLA/LP was exclusively detected in AIH making it a diagnostic test of direct clinical relevance. Availability of standardised SLA/LP immunoassays will facilitate diagnosis of AIH.
